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Introduction: Outline of the talk

• Introduction: motivation

• Introduction: why patterns? Types of patterns

• Introduction: large-scale polytropic flow patterns – the solar wind

• Mathematical formulation and physical content of the integration constants

• Family of analytic solutions for monatomic plasma with adiabatic index equal to 5/3

• Building the pattern using in-situ, remote-sensing and radio observational data

• Analytic solutions for adiabatic index not equal to 5/3

• Implications for partially ionized plasma

• Conclusions and the planned work
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Introduction: motivation

• Need for modelling of MHD wave shear flow driven dynamics in the solar corona and wind
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From Shergelashvili et al (2006)



Introduction: motivation

• Need for the consistent parametrization of the velocity, density and temperature coronal (source region) profiles for
the solar wind numerical models. Space weather and planetary science applications.

• Need for understanding of the Sun and the heliosphere as coupled, unified system in responce to the Solar orbiter
and other forthcoming missions.

• Need for the proper clasification of the solar wind flows into the fundamental pattern libraries (ontologies) for the
realization of the large observational and numerical dataset processing using methods of artificial intelligence.

B.M. Shergelashvili et al.: The model of solar wind polytropic flow patterns



Mathematical formulation and physics

• Eugene Parker was the first who realized that there is a direct analogy between the
engineering subsonic/supersonic nozzles (diffusers) and transsonic velocity profiles in the
stellar atmospheres embedded in the gravitational field.
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Case of α=1, Parker 1965



• We consider the model of the polytropic of the spherical star atmosphere expanding towards the void 
surrounding it. Multi-fluid version of the model has been developed by Summers (1982).

• We consider the stationary, adiabatic wind flow patterns.

Governing equations                                              Auxiliary function:
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System of two differential equations is obtained:

Mathematical formulation and physics



In case of α=5/3 the system is integrable and analytic solution is available: 
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It is convenient to intruduce following notation

Mathematical formulation and physics



Family of analytic solutions for α=5/3 

No flow solution: 
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In this case equation has one physically meaningless triple solution             and  one non trivial solution:

Existence of the critical point with M=1 enabling transonic solution patterns implies that above the 
solar surface  exists               where the equation has double solution. 

is the unique double solution of

One can construct the final form of the equation having transsonic pair of solutions



Example of slow wind pattern

We present sample solution corresponding to the slow wind pattern. Parameters are taken from Mann et al. (1999) 
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The critical point is at 6.91 solar radii, the velocity at 1AU is 427 km/s 



Connection to solar radio observations

The shape of the density profiles in the corona and beyond is linked with the solar radio observational data
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Radio observations can be used to tune the solar wind patterns

The horizontal blue lines give range of observed values of A (Dididze et al. 2017). 
The red lines correspond to the range of observed temperatures.



Example of fast wind pattern

We present sample solution corresponding to the fast wind pattern. 
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The critical point is at 1.1 solar radii, the velocity at 1AU is 800 km/s 



In case of any α the system is also integrable and analytic solution is available: 
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Again from this equation solution flow
patterns can be built.

Analytic solutions for any α

From Clyton (1968).



Conclusions and the planned work

• Conclusions
• Flow profiles can be constructed for the modeling of the shear flow patterns.

• Using obtained solutions in combination with In-situ, remote-sensing and radio observations the 
source region can be more accurately be modelled and used for the solar wind numerical models and 
their space weather applications.

• The large scale flow pattern libraries can be developed for processing observational and numerical 
data mining, machine learning,  regression and other artificial intelligence methods of the pattern 
(supervised) recognition, search and classification.  
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• Planned work
• To complete solution space analysis for the arbitrary value of the polytropic (adiabatic) index.

• To develop the complete set of procedures for the source region construction.

• To upgrade the model for the non-adiabatic cases when effects of transport processes and external 
forces are taken into account.



Thank you !
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